Polarization sensitivity provides animals with information not available in the intensity or spectral domains. We examined the polarotaxis reactions in the epiplanktonic copepod Pontella karachiensis. Polarotaxis reactions were intensity dependent. At intensities corresponding to ambient daylight, P. karachiensis showed an attraction to a polarized light field; while at low intensities, corresponding to nighttime illumination, it showed negative polarotaxis. P. karachiensis's eye contained two classes of photoreceptors, each class with microvilli at orthogonal orientation to the other. P. karachiensis' eye structure can provide information regarding the polarization percentage but is not sufficient to calculate the exact e-vector orientation. The threshold for polarotoxisis response was 20-30%. Animals responded similarly to horizontal and vertical polarization; and also showed negative phototaxis, affected by light polarization. Results suggest that P. karachiensis responds to polarized light analogously to changes in brightness. The dynamic pattern of polarotaxis responses suggests that polarization sensitivity may enable P. karachiensis to detect other planktonic animals.
Introduction
The water column in the marine environment, particularly in oligtrophic waters, is a habitat of limited sensory cues. In this habitat, zooplankton need to respond to predominantly chemical, pressure or visual stimuli. A paucity of data exists on the way these stimuli are perceived and responded to. Understanding the environmental cues and zooplankton response can further our understanding of its distribution and behavior.
The underwater light field is partly polarized in a complex fashion (Waterman, 1981) . Underwater, the sun position, depth, and the optical properties of the water are the dominant factors defining natural polarization (Cronin & Shashar, 2001; Ivanoff, 1974; Waterman, 1981 , reviewed by Sabbah, Lerner, Erlick, & Shashar, 2005 . In water natural polarization is predominantly linear (Waterman, 1981) . Furthermore, with the noted exception of stomatopods (Chiou et al., 2008) , linear polarization is the only type currently known to be of behavioral or ecological significance to animals (Horváth & Varjú, 2004) . Hence this study as well focuses on sensitive to linear polarization. Linearly polarized light can be described by three parameters: intensity, partial polarization (also known as percent polarization or degree of polarization) and e-vector orientation (Waterman, 1981) . The maximum partial polarization (p max ) in sea water is usually not larger than about 60% (reviewed in Sabbah et al., 2005) . During crepuscular hours, with the sun nearing the horizon, most of the radiance entering the water arrives from the sky and in clear conditions it is strongly polarized reaching partial polarization of approximately 70% (Flamarique & Hawryshyn, 1997; Sabbah & Shashar, 2007) .
Aquatic animals utilize polarization as behavioral cues for different tasks (Waterman, 1974; Flamarique & Hawryshyn, 1997 ; reviewed by Horváth & Varjú, 2004) . Daphnia, for example, demonstrates a positive polarotaxis reaction (reviewed by Waterman, 1961) . The threshold for polarotaxis behavior in Daphnia is 10-20% of polarization, a threshold similar to that of the honeybee that can orient effectively to the plane of polarization when the percent of polarization is 7-15% (reviewed by Waterman, 1974) . In fresh water ponds, Daphnia, by means of their attraction to highly polarized light found in open water, may keep away from the shore, a zone with lower polarized light that is dense with predators (Schwind, 1999) . The freshwater copepod (Cyclops vernalis) demonstrated a rhythmic orientation to polarized light (Umminger, 1968a) . C. vernalis swam perpendicular to the plane of polarization at the beginning and end of a 12-h diurnal light period, as compared to a parallel swimming orientation at midday, a behavior which may be involved in vertical migration (Umminger, 1968a) . In the copepod Pontella meadi, polarized light caused P. meadi to swim in orientations of 0°± 45°and 90°± 45°from the plane of polarization (Umminger, 1968b In this study, we investigated polarization sensitivity in the copepod Pontella karachiensis (Pontellidae). P. karachiensis (Fazal-ur-Rehman, 1973 ; Fig. 1 ) is a sexually dimorphic free-living neustonic marine calanoid copepod (Heinrich, 1971; Ohtsuka, Fleminger, & Onbe, 1987; Echelman & Fishelson, 1990; Champalbert, 1993) . P. karachiensis has a vivid blue color, which has been assumed to be both effective in protection from harmful ultraviolet rays, and as a camouflage against the blue marine background (Hamner, 1996) . They may have a limited vertical migration (Tester, Cohen, & Cervetto, 2004) . Pontella spp. are either carnivores or omnivores (Ohtsuka et al., 1987; Ohtsuka & Onbe, 1991; Kerambrun & Champalbert, 1995; Schwab, 2003) . They are abundant in the open sea as well as near shore (Turner, 1977; Schwab, 2003) , occasionally forming aggregations (Champalbert, 1993; Dalal & Goswami, 2001; Schwab, 2003) .
To address polarization sensitivity required us to understand P. karachiensis eye structure. Crustaceans, in general, have two different eye types, both of whom may exist in the same animal (at the same time or at different stages of development) (Land, 1984) . Compound eyes and naupli eyes. The latter, are common in many crustaceans and are best seen in a particular larval stage, the nauplius (Land, 1984) though may well occur in the adult. The typical nauplius eye is composed of three opposed ocelli. Each ocellus, consists of a pigmented cup filled with receptor cells (Land, 1984) . This ocular structure is well represented among the copepoda (Fahrenbach, 1964) . The basic nauplius eye is not equipped with optical arrangements other than a shielding pigment. In some groups, however, especially in copepods, these eyes have become equipped with optical mechanisms of various kinds, such as lenses, mirrors or combinations of the two (Land, 1984) .
In Pontella, as in a number of other copepod genera, the three cups of the naplius eye have separated and each contains a lens apparatus. Pontella has two ocellus eyes on the dorsal side and an unpaired ventral eye. The retina in the ventral eye of Pontella consists of only six cells. One pair lies medially and the other two pairs are mirror images of each other, and lie latero-ventrally. This eye has a small field of view of about 12°and Land (1984) suggested that the dorsal eyes operate as ''finders" for the ventral eye. The ventral eye varies in size between the sexes, with the male having a larger eye (Land, 1984; Ohtsuka & Huys, 2001 ; Schwab, 2003). The lens in the ventral eye of the male is a triplet with the first surface of the lens being parabolic and the other two spherical. This structure appears to eliminate the spherical aberration of the lens system as a whole, so that the on-axis image is near perfect (Land, 1984; Schwab, 2003) . Females have a doublet rather than a triplet lens system, which led to the assumption that the male's specialized eye is used for identification of females (Land, 1984 (Land, , 2005 Schwab, 2003) . Ocelli function in movement perception, form discrimination, and light polarization sensitivity (Fahrenbach, 1964; Waterman, 1961; Umminger, 1968a) .
Polarotaxis has been used as an indication of polarization sensitivity in a range of experiments (Baylor & Smith, 1953; Bainbridge & Waterman, 1957 , 1958 Umminger, 1968a Umminger, , 1968b . Taxis is defined as the attraction or avoidance of a given stimulus. As such geotaxis often governs up and down movement of animals; positive phototaxis means the attraction to light, etc. In polarization studies, polarotaxis has often been defined as the orientation of animals according to a given polarized light field and the change of this orientation with the rotation of the light field. In this study we examined another aspect of polarotaxis -the attraction or avoidance of a polarized light stimulus.
The current study of P. karachiensis examined its polarotaxis characteristics and related them to the background illumination intensity. This study further elucidates the complex behavior of copepods in response to light.
Methods
The study took place at the H. Steinitz Marine Biology Laboratory, the Inter University Institute for Marine Sciences, in the Gulf of Eilat, Red Sea (29°30 0 N, 35°55 0 E). Zooplankton specimens were collected during the day by towing a plankton net of different mesh sizes (100 lm, 200 lm, 300 lm) in the upper meter of the water column. P. karachiensis individuals were maintained in aerated seawater and used in the experiments within two days after collection.
Characterization of eye structure
Freshly collected P. karachiensis individuals were preserved in 2.5% glutaraldehyde, 2% paraformaldehyde in sea water and were subsequently examined using standard transmission electron microscopy (TEM) procedures. Specimens were initially fixed in mixed aldehydes, followed by a buffer rinse and post-fixation for 1 h in 1% OsO 4 . Subsequent dehydration using alcohols was followed by plastic infiltration in three steps with an increasingly pure Epon-Araldite mixture using propylene oxide as the intermediary fluid. Sections were cut at 2 lm and continually examined in a Zeiss Axoplan microscope until the ventral eyes were reached. Blocks were then sectioned at 70-80 nm for observation and photography in a Zeiss 902A TEM equipped with an EELS system (electron energy loss spectrometer).
Experimental setup
Experiments were conducted in a dark room using a setup that provided illumination of equal intensity and with controlled partial polarization and e-vector orientation to each side of the animals' testing aquarium. The setup included: three glass aquaria (one central aquarium and two side aquaria), two mirrors and a fluorescent lamp (Fig. 2) . The central aquarium (length = 29 cm, width = 13.6 cm, height = 20 cm) served as the experimental aquarium. It was covered with a black lid and opaque black paper on its sides leaving only two transparent bands, 3 cm Â 13.6 cm in size, as apertures for the light to pass into the experimental tank at water level. Prior to each experiment, fresh seawater, filtered through a 65 lm, was added to a depth of 3 cm. The aquarium could be divided into three parts by two retractable partitions, creating two zones on the sides (each measuring 12 cm Â 13.6 cm) and a smaller central area of 5 cm Â 13.6 cm. Two identical aquaria were placed perpendicularly to the experimental aquarium (Fig. 2a) . These aquaria were used to manipulate the light and did not contain animals during any of the experiments. The side aquaria had black lids and were covered on their narrow sides with black opaque paper; hence light passed only across their width.
A single light source (a long fluorescent tube) equally illuminated from above two mirrors (20 cm Â 15 cm) that were set at 45°next to the side aquaria. The walls of the side aquaria facing the mirrors were covered from the outside with a depolarizing filter (triple layered industrial wax paper) such that light entering the aquaria was depolarized. To create light stimuli with controlled polarization, polarizing (Polaroid HN38S) and depolarizing filters (three layers of wax paper) were placed in the light path, either inside or outside of the side aquaria. The basic setup provided a fully linearly polarized stimulus on one side, and a depolarized stimulus of equal light intensity, on the other. Therefore, the setup provided illumination of equal intensity and with controlled partial polarization and e-vector orientation to each side of the animals' testing aquarium. This basic setup was modified for subsequent experiments and will be described in turn.
During experiments, all aquaria tops (openings) were covered to prevent light entering from above. The only light path was from the light source to the mirrors, through the side aperture of the side aquaria and into the experimental aquarium (Fig. 2b) . Light intensity within the experimental aquarium was monitored prior and after each experiment using a submersible photometer (Texas Instruments, CBL system), ensuring that the same intensity of light entered the aquarium from each side. In addition, we measured the spectral intensities of both sides with an Ocean Optics USB 2000 spectrometer to confirm spectral and intensity equality.
In each trial, 10 individual P. karachiensis copepods of both sexes were introduced to the middle zone of the experimental aquarium, the partitions were lifted and the aquarium was closed. After 10 min, individuals in each side zone were counted and sexed. Individuals that did not leave the center zone were excluded from the analysis. In all experiments, the number of individuals found within the central section was small and any potential interactive effects between and among individuals was minimal. Animals were used only once to prevent any learning, habituation or other effects of repetition.
Control experiments were performed in the same setup with the same experimental process, but instead of two different light stimuli impinging into the experimental aquarium, identical unpolarized stimuli were introduced on both sides.
We examined the following parameters to assess the response of P. karachiensis to a defined light field.
Phototaxis
Two sets of experiments tested the phototaxis response of P. karachiensis. One examined the preference of darkness over a depolarized light and the other of darkness over a stimulus of horizontal polarized light. Blocking the light aperture to the experimental aquarium produced darkness. We produced depolarized illumination by placing the depolarizing filter facing the experimental aquarium. Horizontal polarization was produced with the polarizing filter with its polarizing side facing the experimental aquarium.
Polarotaxis response
For the experiment, a combination of a polarizing and a depolarizing filter were positioned at both side aquaria to create 100% polarized or fully depolarized illumination. To produce the polarized stimulus, the polarizing filter was placed closer to the main aquarium than the depolarizing filter. To create a depolarized stimulus, the order of the filters was reversed. Thus, light arriving to the experimental aquarium from one side was fully polarized, while light coming from the other was unpolarized. This procedure maintained equal spectra and intensity at both sides of the main aquarium. To eliminate potential bias due to subtle differences in aquaria structure or other unknown parameters, stimuli sides were alternated in a pre-set random order.
Effects of light intensity on polarotaxis response
These experiments took place using the basic setup, with a fully polarized stimulus paired with a fully depolarized light stimulus of equal intensity on both sides while varying the overall light amplitude. We varied light intensity by adding different emulsion concentrations to both of the side aquaria. Intensity was measured (n = 3 measurements at each setup, 10 individual setup repeats of each concentration) inside the experimental aquarium for all concentrations with a fiber optic attached to a spectrometer (USB2000) to ensure equal spectra and intensity on both sides. The amounts of homogenized milk (Yotveta 3%) added to a 4400 ml of distilled water were 0, 1, 3, 10, 17 and 25 ml; corresponding to 19.87, 15.06, 10.24, 3.91 . In addition, measurements were performed at high illumination (6.02 Â 10 20 photons m À2 s À1 in each side of the experimental aquarium) in a shadowed, yet naturally illuminated, outdoor location during midday. It is likely that the natural sunlight provided a wider light spectrum than the artificial light.
Polarization orientation (horizontal/vertical) preference
These experiments tested the influence of the polarized light (e-vector) orientation on P. karachiensis's polarotaxis response. Previous experiments on planktonic crustacean showed a response Light transmission and modifications through the experimental setup: light arriving from the lamp was reflected from the mirror towards the side aquaria. Prior to entering a side aquarium the light was depolarized. Within the side aquarium the light passed through a moveable filter that had a depolarizer on one side and a linear polarizing filter on the other. By the order in which the light encountered the filters it reached the main aquarium either polarized (here shown on the right) or depolarized (here shown on the left). Hence the light entering the main aquarium was of equal intensity (verified with measurements) but different polarization. (c) A photograph of one of the side aquaria showing the moveable filter inside it. To achieve partial polarization, the side aquaria were filled with a diluted scattering solution (milk). The position of the filter within the solution determined the partial polarization, with high polarization obtained with the filter close to the main aquarium and low polarization obtained with the filter positioned on the mirror's side. which was dependent on e-vector orientation (Baylor & Smith, 1953; Bainbridge & Waterman, 1957; Umminger, 1968a Umminger, , 1968b . Daphnia pulex, for example, is attracted to horizontally polarized light (Schwind, 1999) . Experiments were performed using the linear polarizers set at orthogonal orientations in each side and always facing the experimental aquarium. Thus, light reaching one side of the experimental aquarium was fully horizontally polarized and light penetrating from the opposite side was fully vertically polarized.
Threshold of polarization sensitivity
We quantified the polarization threshold of the polarotaxis response to find the minimal percent polarization required to elicit a response in P. karachiensis. Experiments were held in the previously described setup with the stimulus partially polarized. Different percentages of partially polarized light were presented to one side of the experimental aquarium vs. depolarized light on the other side. Partial polarization was generated by the use of an emulsion (Schwind, 1999) . Twenty five millilitre of homogenized milk (Yotveta 3%) and 4400 ml of distilled water were poured into each of the side aquaria. A linear polarizing filter was positioned in a frame and hung at one of several pre-set positions within the side aquarium (Fig. 2c) . The closer the polarizer was to the main aquarium the greater was the percent of polarized light reaching the experimental aquarium. When the polarizer was positioned far from the experimental aquarium, the milk effectively depolarized the light. The polarizing filter produced partial polarization of 23%, 24%, 30%, 40%, 54%, 63%, 73%, 85% and 94% when it was placed in the side tank at nine different distances from the external edge (0, 3, 5, 7, 9, 10, 11, 12, and 13.6 cm, respectively). Ten repetitions, with three measurements in each, were made at each filter position using a custom-made submersible spectral polarimeter (Shashar, Sabbah, & Cronin, 2004) to generate a polarization calibration curve. The partial polarization was calculated as the average percent polarization across the 400-600 nm range.
Data handling and statistical analysis
In each case, the ratios of responding animals were arcsine transformed (Sokal & Rohlf, 1995) to produce 10 values for each measurement. Using Statistica TM 6.0 software, double sided t-tests were performed to examine responses for single level questions (phototaxis, existence of polarotaxis, polarization orientation preference, side preference), while ANOVA with post-hock examination were used to examine responses at several levels (effects of percent polarization and light intensities) or gender responses. AN-OVA tests were performed only after verifying homogeneity of variances (Cochran test) and using Tukey post-hock test (Sokal & Rohlf, 1995) .
Results
Characterization of eye structure. Microscopic examination (Fig. 1d and e) revealed that photoreceptors of the eyes of Pontella contain aligned microvilli which may provide a response, varying according to the polarization orientation of the incoming light. Neighboring photoreceptors were aligned at acute or perpendicular angles to each other, providing the animal with the potential ability for polarization sensitivity.
The effect of light on P. karachiensis' behavior
Karachiensis individuals in the control experiments showed no preference to a side, a light path, the depolarizing aquarium, or to any other component of the two unpolarized light stimuli (t-test p > 0.8 n = 10). P. karachiensis was equally attracted (50 ± 12%) to both light stimuli. In the control experiments, no difference in response was found between genders (one way ANOVA F (1,18) = 0.59 p > 0.4). For the ''two choice" experiments, ('polarotaxis', 'phototaxis' and 'polarization movement' examinations) stimuli sides were randomly switched. In all cases, no side effect was noticed (t-test p > 0.5).
3.2.1. Phototaxis P. karachiensis showed significant negative phototaxis (two way ANOVA difference from zero, p < 0.0001), with no difference between the genders (gender effect, F (1,26) = 1.06 p > 0.3). The strength of the negative polarotaxis response was affected by the polarization of the illumination. Under polarized light, an average of 14% of Pontella individuals reached the illuminated side, while under unpolarized light, 27% of the animals arrived at this side (effect light source, F (1,26) = 10.5 p < 0.005).
Polarotaxis response
P. karachiensis showed, at relatively high light intensities, significant positive polarotaxis with an average of 81 ± 12% (Avg. ± Std.) attraction to linearly polarized light (t-test p < 0.0005 n = 10).
Effects of light intensity on polarotaxis response
Light intensity significantly influenced the polarotaxis response of P. karachiensis (Fig. 3b) . Gender had a significant effect on the polarotaxis response, with males being more attracted to polarized light (Gender effect F (1102) = 5.13 p < 0.05). Males were more attracted to polarized light than females at all light intensities except for the highest intensity (6.02 Â 10 20 photons m À2 s À1 ) (Tukey post hoc, for all p < 0.05). However, both genders were similarly affected by the light intensity (effect of Light Â Gender F (5102) = 6.99, p > 0.6).
Polarization orientation (horizontal/vertical) preference
The polarotaxic response of P. karachiensis to horizontal e-vector orientation did not differ from the response to vertical e-vector orientation (t-test, p > 0.2). An average of 42 ± 21% were attracted to the horizontal e-vector orientation and 58 ± 21% exhibited complementary attraction towards vertical e-vector orientation. No differences existed between the genders (one way ANOVA F (1,22) = 0.31).
Threshold of polarization sensitivity
Percent polarization significantly affected Pontella's polarotaxis response (two way ANOVA, polarization effect F (8162) = 3.57, p < 0.001) with no significant difference between genders (gender effect F (1162) = 1.8, p > 0.18) nor by a combined effect (F (8162) = 1.48 p > 0.1. Since males and females responded similarly, both genders were combined (Fig. 3a) . P. karachiensis expressed negative polarotaxis in most experiments conducted with partial polarization equal to or higher than 30%, while in the two cases studied at lower percent polarization, no response was expressed (p > 0.8). Thus, a threshold for the polarotaxis reaction was determined to exist between 20% and 30% polarization.
Discussion
P. karachiensis consistently avoided high light intensities. It responded with negative phototaxis while the polarization characteristics (polarized or unpolarized) of the light source mediated the response magnitude. This negative phototaxis is surprising as P. karachiensis is abundant at the water surface layer, thus being exposed to light of the highest intensities in the pelagic environment. These results suggest that P. karachiensis orientation behavior may be stimulated by at least two signals: one correlated to its vertical position (depth) and the other correlated to its horizontal position. The negative phototaxis is most likely related to the latter, i.e., it may be related to a neustonic position by producing an inverse orientation to the sun. In other words, P. karachiensis directs the long axis of its body along the sun-anti sun direction. Due to dazzling light from the direction of the sun, P. karachiensis may decrease its visibility to other organisms while enhancing its own vision by viewing toward the anti sun direction.
P. karachiensis demonstrated a clear polarotaxis response that was dependent on the light intensity. P. karachiensis showed positive polarotaxis at high light intensities (above 19. ). The high light intensities corre- spond to ambient day light as well as crepuscular intensities while the low light intensities correspond to night intensities (moon light) (Macy, Sutherland, & Durbin, 1998) . These results suggest a circadian relationship between the function of polarization sensitivity and the time of day. The fresh water copepod C. vernalis displays a rhythmic polarization response that may be correlated with the dial cycle of its vertical migration (Umminger, 1968a) . We found no difference in the density of P. karachiensis captured during day and night hours (unpublished data). Our observations of P. karachiensis densities during the day and night, Pontella's anatomical adaptations for living near the water surface, as well as previous studies (Heinrich, 1971; Ohtsuka et al., 1987; Echelman & Fishelson, 1990; Champalbert, 1993) , indicate that in P. karachiensis, the dynamic response to polarized light is probably not related to its own vertical migration. When polarization sensitivity permits the perception of polarized light separately from intensity or color, it has been termed ''polarization vision" (Marshall, Cronin, & Shashar, 1999) . Such polarization vision in crustaceans has been demonstrated so far only in Stomatopods (mantis shrimps) (Marshall et al., 1999) . Previous experiments on planktonic crustaceans showed a response that was dependent on e-vector orientation (Baylor & Smith, 1953; Bainbridge & Waterman, 1957; Umminger, 1968a Umminger, , 1968b . Daphnia pulex, for example, is attracted to horizontally polarized light (Schwind, 1999) . P. meadi demonstrates preferred body orientations at 0°± 45°, and 90°from the plane of polarization (Umminger, 1968b) . Unfortunately, Umminger's study (1968b) lacks the details necessary to compare with this one. P. karachiensis did not differentiate between e-vector orientations when presented from the side. P. karachiensis, therefore, behaved as if it sensed polarized light but lacked the ability to uniquely determine its evector orientation. Alternatively, it is possible that the polarization orientation is obtained but is not relevant to the examined taxis behavior. Eye anatomy indicates that the former explanation is the most plausible. P. karachiensis's eye contained two classes of photoreceptors, each class with microvilli at orthogonal orientation to the other class ( Fig. 1d and e) . The inference of two orthogonal inputs is supported by the effect of polarization on the magnitude of P. karachiensis's phototaxis response.
A photoreceptor cell responds strongest to a light stimulus when the e-vector orientation coincides with its predominant microvillar axis (Wehner, 1976; Cronin et al., 2003) . Therefore, stimuli with linearly polarized light (for a certain orientation of the animal) will induce an increased light absorption by one microvilli class relative to the other. Both photoreceptor classes will respond to unpolarized stimuli with a lower magnitude than to an aligned polarized stimulus. These differences could be perceived as similar to changes in intensity. Our results suggest that P. karachiensis responds to polarized light analogously to changes in brightness. P. karachiensis' eye structure provides information regarding the polarization percentage but is unlikely to be sufficient to calculate the exact e-vector orientation (which would require a third input). Since the sun position can be more precisely indicated by e-vector orientation than by percent polarization, sensing only the partial polarization pattern limits its navigational functionality. The use of a partial polarization pattern for orientation is possible in these pelagic animals, possibly such as in the case of Daphnia that uses the natural partial polarization pattern to avoid the shore (or littoral zone) with its higher predation pressure and lower ambient polarization (Schwind, 1999) .
In P. karachiensis, in most of the tests, both sexes responded the same. Both genders were equally sensitive to partial polarization and were both insensitive to the orientation of polarization. This similarity suggests that the role of polarization sensitivity for both genders is similar. Males, however, were more attracted to polarized light than females at all but the highest intensities tested. Furthermore, males initiated positive polarotaxis at lower light intensities than females. This gender difference may be due to the difference in the eye structure between genders. Males have larger eyes, with an additional lens in the ventral eye. Such an eye design is presumably capable of absorbing more light than the female eye, and therefore, a given intensity would be perceived as brighter by a male than by a female. If indeed polarization is involved with detecting other planktonic animals, this difference in eye structure may allow males to detect females at larger distances.
The threshold for the polarotaxis reaction was found to be between 20% and 30% polarization. By comparison, the honeybee and Daphnia demonstrate a threshold of about 10-20% (Waterman, 1974) , while salmonoid fish possess a threshold of about 60-70% (Flamarique & Hawryshyn, 1997) . Underwater partial polarization throughout the day is usually about 30-40% (Waterman, 1981; Flamarique & Hawryshyn, 1997; Cronin & Shashar, 2001; Sabbah et al., 2005) . During crepuscular periods, partial polarization may reach values of over 60% (Waterman, 1981; Cronin & Shashar, 2001; Sabbah & Shashar, 2007) . Hence, Pontella may utilize polarization patterns extensively under natural conditions.
Copepods may use their polarization sensitivity in a predatorprey relationship (Umminger, 1968b) since polarization sensitivity can improve prey detection (Shashar, Hagan, & Boal, 2000; Shashar, Hanlon, & Petz, 1998; Sabbah & Shashar, 2006) . Kerambrun and Champalbert (1995) suggested that Pontellids express a daily rhythm of feeding activity. Behavior in this context may lead to attraction to areas of high plankton densities during feeding hours and avoidance of these areas at other hours. Planktonic organisms commonly exhibit patchiness or spatial aggregations (Wishner, Durbin, Macaulay, Winn, & Kenney, 1988; Ambler, Ferrari, & Fornshell, 1991; Cabell, Scott, & Andrew, 1992) . Planktonic organisms, both phyto and zooplankton, are known to affect the ambient light polarization (Hull, 1996; Shashar et al., 1998; Quinby-Hunt, Hull, & Hunt, 2000; Sabbah & Shashar, 2006) . Hence polarization sensitivity may provide Pontella with information regarding the existence of other planktonic species in its proximity. If the degree of partial polarization correlates with the concentration of plankton, then positive polarization during the day and negative polarization at night are in accordance with Pontella's feeding regime, as well as with its own need to avoid potential zooplanktonic predators at night. Polarization therefore may be a significant feature for survival of such planktonic crustaceans.
